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(g) Bipolar electrosurgical instrument and method for making the instrument 

(§) An electrosurgical instrument having a first electrode that includes an elongated, electrically conduc- 
tive member and a second electrode that includes a layer of electrically conductive material adhered over 
at least a portion of a distal region of the elongated member and separated therefrom by an insulator. The 
electrodes receive electrical power in a proximal region of the instrument and apply the power to an 
object in the body by inducing current flow between the electrodes at the distal region. In a related 
aspect the second electrode is configured so that the outer diameter of the distal region is substantially 
the same as the outer diameter of the distal end of the first electrode. In another aspect, one of the 
electrodes has a reduced circumferential extent relative to the other electrode to limit an area of current 
flow between the electrodes and thus restrict the size of the region in which cauterization occurs. Still 
another aspect of the invention features a process for fabricating the electrode assembly. 
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Background of the Invention 

This invention relates to bipolar electrosurgical 
instruments. 

Some surgical procedures (such as severe retinal s 
detachment repair and diabetic retinopathy) requre 
the surgeon to insert surgical instruments into the 
posterior chamber of the eye. Because the eye should 
be maintained at a relatively constant pressure during 
the procedure, tubing to which fluid is applied from an 10 
elevated (such as by 2-3 feet) irrigation fluid bottle is 
inserted through the sclera, and the internal eye pres- 
sure is controlled by adjusting the height of the bottle. 

The need for tightly controlling eye pressure dic- 
tates that the surgical instruments be as small as pos- 15 
sibie in cross-sectional diameter (to minimize leakage 
around the instruments and limit fluid toss during ex- 
change of the instruments). Accordingly, an informal 
"standard" has evolved that surgical instruments 
used in the posterior eye chamber either be made 20 
from 20 gauge hypodermic tubing (which is 0.0355 in- 
ches in diameter) or be capable of passing through 
and sealing an opening equivalent to that created by 
a 20 gauge needle. 

Frequent exchanges of the instruments tend to 25 
enlarge the puncture and increase fluid leakage, and 
are also frustrating for the surgeon and time consum- 
ing. It thus is desirable to design instruments which 
can perform multiple tasks. As the complexity of sur- 
gical procedures performed in the posterior chamber 30 
of the eye increases, the need for additional, intricate 
instruments increases as well. Basing the size of 
such instruments on the 20 gauge "standard" severe- 
ly limits design options. (The need for limiting the size 
of the bore created by a surgical instrument and min- 35 
imizing the number of instrument exchanges is not 
limited to ocular surgery - these goals also exist in 
other procedures, such as endoscopy and microsurg- 
ery on other areas of the body, such as the brain.) 

Most extensive posterior surgery requires con- 40 
trolling hemorrhaging, which typically is done using 
bipolar radio frequency (RF) coagulation. In one co- 
agulation method, two conductive instruments that 
are otherwise in use in the eye (e.g., an aspiration 
tube and a metal jacket of a fibre optic light source) 45 
are brought close together near the bleeding vessel 
while applying RF energy to the instruments. Current 
conducts in the region of closest spacing between the 
instruments and coagulates the vessel. 

As an alternative, coaxial bipolar electrosurgical so 
instruments (such as that described in U.S. Patent 
No. 4,548,207, entitled "Disposable Coagulator," as- 
signed to the present assignee and incorporated 
herein by reference) have been developed. In a co- 
axial bipolar instrument, an insulated wire is installed 55 
within a metal hypodermic tube, thereby providing a 
pair of electrodes whose distal tips are exposed and 
closely spaced to support current conduction there- 



between. The exposed area limits the extent of the 
coagulation, which is advantageous in posterior 
chamber surgery. Variations on bipolar instruments 
include replacing the wire with an inner tube, which al- 
lows the instrument to be used for aspiration as well 
as coagulation. 

Summary of the Invention 

This invention provides, in one general aspect, an 
electrosurgical instrument having a first electrode 
that includes an elongated, electrically conductive 
member and a second electrode that includes a layer 
of electrically conductive material adhered over at 
least a portion of a the elongated member and sepa- 
rated therefrom by an insulator; a region of the elec- 
trically conductive layer is positioned adjacent to a re- 
gion of the member disposed distally of the proximal 
end of the instrument to support current flow between 
the electrodes at the regions and apply electrical 
power to an object in the body. 

In a related aspect of the invention, the second 
electrode is disposed over at least a portion of the end 
of the first electrode, is separated therefrom by an in- 
sulator, and is configured so that the outer diameter 
of the distal region is substantially the same as the 
outer diameter of the end of the first electrode. In a 
preferred embodiment of this aspect, the second 
electrode is a layer of electrically conductive material 
adhered on over the first electrode and separated 
therefrom by the insulator. 

The electrosurgical instrument of the invention is 
significantly smaller than devices which employ a 
separate member - such as a tube disposed coaxial- 
ly around the first electrode - as the second elec- 
trode. One result of this difference is that the dimen- 
sion of the incision needed for the instrument can be 
made relatively small, so that a 20 gauge needle may 
be used for the first electrode, while maintaining the 
usefulness of the instrument for the dual purposes of 
coagulation and aspiration. This is particularly impor- 
tant in ophthalmic applications for which (as dis- 
cussed above) an informal standard has developed 
that instruments no greater than 20 gauge be used in 
the posterior chamber of the eye. 

Both electrodes are provided in a single instru- 
ment that is easily manipulated within the eye. This al- 
lows the surgeon to cauterized without performing 
awkward maneuvers 

- such as attaching wires from an RF source to a pair 
of instruments that are to serve as the electrodes, 
and manipulating the instruments close together with 
both hands. 

Another aspect of the invention is a coaxial elec- 
trosurgical instrument one electrode of which has a 
reduced circumferential extent relative to another 
electrode to limit an area of current flow between the 
coaxial electrodes. This limits the size of the region 
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in which cauterization occurs, thereby allowing the 
user (i.e., a surgeon) to control which body objects 
are subjected to electrical current more precisely than 
prior coaxial bipolar instruments in which the ex- 
posed distal tips of both electrodes are circular. As a 
result, damage to sensitive tissue (such as structures 
of the eye) can be avoided by appropriately directing 
the current away from these objects. 

Preferred embodiments of one or more of these 
aspects of the invention include the following fea- 
tures. 

The insulator is disposed over an exterior surface 
of the first electrode, and the layer of conductive ma- 
terial of the second electrode is adhered to the insu- 
lator and extends axially along the first electrode be- 
tween the proximal end and the distally disposed re- 
gion. The distally disposed region is preferably near 
the distal end of the instrument The conductive layer 
is separated from the exterior surface of the first elec- 
trode by an insulator (such as a layer of plastic). The 
outer diameter of the first electrode Is on the order of 
20 gauge; by contrast, the thickness of the layer of 
conductive material is on the order of 3-5 microns 
(i.e., between 0.001 inches and 0.002 inches. Thus, 
the second electrode does not significantly add to the 
size of the first electrode. If desired, a second layer 
of insulation can be disposed over at least the layer 
of electrically conductive material for protection dur- 
ing handling. 

The layer of conductive material extends over 
one half or less of the circumference of the first elec- 
trode, such as between one-third and one-hatf of the 
circumference, at least in the distal region. In a par- 
ticularly useful example of this configuration, the first 
electrode is a hollow tube and the layer of conductive 
material is configured as an elongated strip that runs 
along the length of the tube between the proximal end 
and the distal region. 

The tip of the tube at the distal region has a lim- 
ited circumferential extent with respect to other por- 
tions of the tube, and the layer of electrically conduc- 
tive material is circumferentially aligned with the tip. 
This provides even greater control over the areas to 
which the cauterizing current is applied. In one con- 
figuration, the circumferential extent of the layer is 
less than that of the tip. The distal region of the tube 
is beveled to provide the tip. The bevel affords the 
surgeon with an unobstructed view of the tip during 
cauterization. The tip includes a surface disposed 
transversely to the longitudinal axis of the instrument 
— that is, the tip of the bevel is blunt rather than sharp. 
A blunt tip helps avoid damage to tissue contacted by 
the instrument during operation. 

In another embodiment, the layer of conductive 
material is disposed completely around the perimeter 
of the exterior surface in the distal region. Although 
the area to which current is applied is circumferential, 
this configuration is particularly useful in cauterizing 



incisions. In one example of this embodiment, the 
member is a cutting blade, and the distal end of the 
layer is disposed completely around a wide region of 
the blade proximally of the region of the blade that 

5 narrows to the tip. An incision cut by the blade is cau- 
terized completely around its perimeter by advancing 
the blade to place the distal end of the layer adjacent 
to the incision while applying the bipolar power to in- 
strument to induce current flow between the blade 

10 and the layer. 

In embodiments in which the member (i.e., the in- 
ner electrode) is a hollow tube, the tube is sized to 
provide an interior passage that is sufficiently large to 
siidably receive a device during use and allow the de- 

15 vice to be advanced to at least the distal region of the 
tube. A 20 gauge needle is well suited for this pur- 
pose. Examples of such devices include an aspiration 
tube and a fibre optic cable. The interior passage (i.e., 
the bore) of a 20 gauge needle is sufficiently large so 

20 that such devices can be freely advanced and retract- 
ed therethrough without binding. Because the outer 
electrode is a layer of conductive material adhered to 
the exterior of the needle — rather than a smaller nee- 
dle coaxially disposed within the 20 gauge needle - 

25 the entire diameter of the passage is available to re- 
ceive the device. As a result, the risk of the device 
binding during use is significantly reduced. 

Another aspect of the invention is a process for 
fabricating an electrosurgical instrument by providing 

30 a first electrode that includes an elongated, electrical- 
ly conductive member, disposing an insulating mate- 
rial over at least a portion of a surface of the member, 
and forming a layer of electrically conductive material 
over the insulating material to provide a second elec- 

35 trode. 

Preferred embodiments include the following fea- 
tures. 

The layer is formed in any of the configurations 
discussed above - for example, in the shape of an 

40 elongated strip that extends between the proximal 
end and the distal region of the member, or complete- 
ly around the circumference of the member. 

The electrically conductive material is made from 
silver and is formed by vapor deposition. The silver 

45 layer is deposited to a thickness of between 3 microns 
and 5 microns. Materials other than silver (such as 
nickel, gold, palladium, platinum, tin, etc.) may alter- 
natively be used. In addition, a second layer of con- 
ductive material may be deposited over the first layer 

so of conductive material. This is particularly useful 
when silver or another material that tarnishes is used 
as the first layer of conductive material. Depositing a 
suitable metal (such as gold) over the silver avoids 
tarnishing. 

55 Preferably, a sub-layer of electrically conductive 
material is applied over the insulating material before 
the layer of electrically conductive material of the sec- 
ond electrode is deposited. The sub-layer (which is, 
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for example, titanium) serves as a primer to Improve 
the adhesion of the silver or nickel. The insulating ma- 
terial preferably comprises a conformal insulating lay- 
er, such as a polymer (for example, parylene). 

The bipolar electrosurgical instrument of the in- s 
vention has a variety of applications in addition to co- 
agulation. For example, the instrument is useful in in- 
traocular diathermy to mark retinal breaks and assist 
the surgeon in locating the breaks as air enters the 
eye during fluid/gas exchange. Also, the aspiration 10 
tube that extends through the first electrode can be 
used as a brush to manipulate large retinal tears and 
to assist the surgeon in assessing the strength of vitr- 
eous strands near (and on) the retina. The amount by 
which the tube can be extended beyond the tip of the 15 
electrode determines the rigidity of the "brush." 

Moreover, the aspiration tube allows pre-retinal 
blood or fluids so often encountered with proliferative 
diabetic retinopathy to be passively or actively aspi- 
rated from the eye. A drainage retinotomy can be ach- 20 
ieved by cauterizing a spot on the retina, thinning the 
targeted tissue, and then applying suction via the ex- 
tended tube. Subsequent extension of the aspiration 
tube through the retinotomy (or through a peripheral 
retinal break in eyes that have complex retinal detach- 25 
ments) achieves drainage of sub-retinal fluid (and he- 
morrhages). Likewise, the profile of bullous retinal 
detachments can be reduced at the start of vitreore- 
tinal procedures in order to facilitate access to pre-re- 
tinal membranes. 30 

Bubbles of air, gas, or silicone oil droplets which 
become trapped beneath the retina, or floating ante- 
rior, may be removed using active or passive aspira- 
tion with the tube extended through the first elec- 
trode. Moreover, the extended tube may be used for 35 
reflux. 

Other features and advantages of the invention 
will become apparent from the following detailed de- 
scription, and from the claims. 

40 

Brief Description of the Drawings 

Fig. 1 diagrammatically shows a portion of an 
electrosurgical instrument according to the invention, 
in which one electrode is configured as a layer of elec- 45 
trically conductive material adhered on a metal tube, 
which serves as the other electrode of the instru- 
ment. 

Fig. 2 is a perspective view of the surgical instru- 
ment of Fig. 1. 

Fig. 3 shows a cross section of the surgical instru- 
ment of Fig. 1 , taken along line 3-3. 

Fig. 4 shows enlarged views of the distal region 
of the surgical instrument of Fig. 1 from the side and 

*■ 55 

Fig. 5 shows a greatly enlarged view of a portion 
of the tip of the surgical instrument of Fig. 1. 

Fig. 6 shows an assembly for bevelling the tip of 



the surgical instrument of Fig. 1. 

Fig. 7 illustrates forming the electrode layer by 
vapor deposition. 

Figs. 8 and 9 are cross-sectional views showing 
additional features of the electrosurgical instrument 
of Fig. 1. 

Fig. 10 illustrates the electrosurgical instrument 
of Fig. 1 in use. 

Figs. 11 and 12 show an alternative configuration 
of the electrodes according to the invention. 

Description of the Preferred Embodiments 

Referring to Figs. 1-5, an electrode assembly 10 
of a bipolar electrosurgical instrument includes one 
electrode 12 made from a stainless steel, 20 gauge 
hollow needle and a second electrode 14 formed as 
a layer of electrically conductive material (such as sil- 
ver or nickel) deposited over and adhered on an ex- 
terior surface 16 of needle electrode 12. A thin elec- 
trical Insulator 15 separates electrodes 12, 14 along 
their lengths to avoid short circuiting. 

Electrodes 12, 14 extend coaxlally along a long- 
itudinal axis 18 of the instrument from a proximal re- 
gion at which bipolar electrical power is applied (from 
a source not shown) to a distal region 20 of electrode 
assembly 10. As explained in more detail below, tips 
22, 24 (Fig. 5) of electrodes 12, 14 are closely spaced 
in distal region 20 so that when the instrument is 
energized, currentflow is induced between electrode 
tips 22, 24 through an object in the body (such as a 
blood vessel or tissue within the eye) to perform cau- 
terization and other procedures (such as tissue 
shrinking). 

Electrode 14 extends overa limited portion of the 
circumference of electrode 12, rather than entirely 
around electrode 12. Moreover, as discussed below, 
electrode 12 is configured so to have a narrow tip 22 
that is exposed to tip 24 of electrode 14 only at a face 
23 at a distal tip 21 of the instrument. As a result, cur- 
rent flow between electrodes 12, 14 occurs over only 
the width W (e.g., 0.01 inches) of tip 22. It will thus be 
appreciated that current flow occurs over a relatively 
small portion of the circumference of electrode 12. 
This limits the area in the body that receives current, 
and provides the user (e.g., a surgeon) with a high de- 
gree of control as to where the current is applied. This 
is particularly advantageous in eye surgery, during 
which the electrodes are often used to cauterize 
bleeding blood vessels near sensitive tissue that may 
be damaged if subjected to electrical current 

As shown in Fig. 3, electrode 14 extends over an 
arc of approximately one half of the circumference of 
electrode 12, such as between 3/8 and 5/8 of the cir- 
cumference. Electrode 14 is disposed symmetrically 
about an axis 26 that vertically bisects electrode 12 
and terminates circumferentially in edges 28 that lie 
approximately on an axis 30 that horizontally bisects 
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electrode 12. As discussed below, electrode 14 is 
formed by vacuum deposition, and thus the thickness 
of electrode 14 decreases from a maximum (such as 
5 microns) at vertical axis 26 to zero as electrode 14 
extends circumferentially toward axis 30. (Thus, 5 
edges 28 are "feathered" rather than being sharply 
defined.) 

As shown in Fig. 4, distal region 20 is beveled to 
form a surface 25 oriented at an oblique angle (e.g., 
45°) with respect to longitudinal axis 18. In addition, 10 
a pair of beveled surfaces 27 are formed in the half 
of electrode 12 on which electrode 14 is disposed 
(i.e., the lower half in the figures). Beveled surfaces 
27 are oriented at an angle of 90° to each other and 
converge to form tip 21 at the extreme distal end of 75 
the instrument Beveled surfaces 27 join with beveled 
surface 25 at edges 27b. Bevels 25, 27 are formed by 
a grinding process discussed below. Tip 21 is subse- 
quently ground flat to form face 23, which is oriented 
perpendicularly to longitudinal axis 16 and is sym- 20 
metrically disposed with respect to axis 26. Face 23 
meets the beveled surfaces 27 at edges 27a. Elec- 
trode tips 22, 24 are coextensive at face 23. Thus, tip 
21 is blunt, rather than sharp. The blunt nature of tip 
21 helps avoid inadvertent damage to sensitive eye 25 
tissue during the Surgical procedure. 

Electrode 12 has a central passage 36 that is 
open at distal region 20. Because electrode 14 is ad- 
hered to exterior surface 16 of electrode 12, the entire 
diameterof passage 36 (which, fora 20 gauge needle, so 
is 0.0305 inches) is available to slidably receive a de- 
vice 40 used in conjunction with the instrument during 
surgery. Examples of device 40 are a hollow tube for 
aspirating irrigation fluid and other liquids from the 
eye, and a fibre optic cable for illuminating the surgi- 35 
cal site (the site is viewed through the cornea with a 
microscope, not shown). Passage 36 of a 20 gauge 
needle is sufficiently large to allow such devices 40 
to be advanced and retracted (in the direction of arrow 
42) through electrode 12 without binding. Device 40 40 
can be advanced so that its distal end 44 (shown in 
phantom in Fig. 1) extends distally beyond distal re- 
gion 20, or not. 

Referring to Fig. 6, the first step in fabricating 
electrode assembly 10 is to grind distal region 20 to 45 
form beveled surfaces 25, 27. Electrode 12 is placed 
in a collet-type indexing fixture 1 50, which is mounted 
on a sine plate 1 51 set at 45° to a mounting table 1 52 
of a surface grinder. Pivot axis 153 of sine plate 151 
is parallel to the direction of longitudinal travel of so 
mounting table 152 (into and out of the page in Fig. 
6). Grinding wheel 1 54 rotates about an axis 1 55 that 
is perpendicular to the direction of longitudinal travel 
of mounting table 152. Pivot axis 156 of indexing fix- 
ture 150 is perpendicular to pivot axis 153 of sine 55 
plate 151. 

The complete cross section of electrode distal re- 
gion 20 is ground at 45° with indexing fixture 150 set 



at 0°. This forms beveled surface 25 over the entire 
diameterof electrode 12. Grinding wheel 154 is then 
retracted and electrode 12 is rotated by indexing fix- 
ture 150 to a setting of +90°, and grinding wheel 154 
is brought back into contact with electrode 12. Grind- 
ing wheel 154 is again retracted, and electrode 12 is 
rotated by indexing fixture 150 to a setting of +90°; 
grinding wheel 154 is then brought back into contact 
with electrode 12. The grinding procedure is repeated 
at the +90° and -90° fixture settings, with grinding 
wheel 1 54 lowered slightly during each repetition, un- 
til a point is formed at tip 21. Sharp edges and burrs 
are removed manually, e.g., using hard Arkansas 
stones and hand scrapers (hand honing and scraping 
can be eliminated by grinding electrode 12 using an 
electrochemical grinding process, or ECG). 

Referring again to Fig. 2 and Fig. 3 (which shows 
the thicknesses of the various layers applied over 
electrode 12 greatly exaggerated for purposes of il- 
lustration), insulating layer 15 is formed on electrode 
12 after grinding. Insulating layer 15 is made from 
Paryfene C, a polymer commercially available from 
Union Carbide Corporation, and is applied by any suit- 
able method, such as vapor deposition. During vapor 
deposition, a granular powder that comprises the in- 
sulating material is vaporized at an elevated temper- 
ature, and the resulting gas is deposited on electrode 
12 in an ambient temperature deposition chamber 
(not shown). The insulating material is adsorbed on 
exterior surface 1 6 of electrode 12 as it polymerizes 
thereon, and also forms on tip 21 (which is a shaip 
point at this stage), and beveled surfaces 25, 27; 
some insulating material is also deposited on the in- 
terior surface of electrode 12. 

Insulating layer 15 should be as thin as possible 
(for ease of fabrication and to keep electrode assem- 
bly 10 small), while serving its purpose of electrically 
insulating electrodes 12, 14 from each other. The to- 
tal thickness of insulating layer 15 is between 0.0008 
inches and 0.001 inches and thus adds insignificantly 
to the outer diameter of electrode 12 (which for a 20 
gauge needle is 0.0355 inches). The proximal end of 
electrode 1 2 is masked to form a window (not shown) 
in insulating layer 15. The window provides an elec- 
trical contact point for a wire that delivers electrical 
current to electrode 12. 

A layer 50 of titanium is then applied by ion vapor 
deposition in a high vacuum on insulating layer 15 
over the portions of electrode 12 that will be covered 
by electrode 14. Thus, layer 50 is applied along the 
length of electrode 12 and extends over a limited por- 
tion (such as approximately 180°) of the circumfer- 
ence of electrode 12. Electrode 12 is masked to limit 
the portions of insulating layer 15 that are covered by 
the titanium. This process is discussed in more detail 
below with respect to the formation of electrode 14. 
Titanium adheres well to the insulating material of lay- 
er 1 5, and thus serves as a primer to improve the ad- 
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herence of electrode 14. Layer 50 need not be very 
thick (e.g., less than 1 micron, or 0.00004 inches) to 
serve this purpose. 

Referring also to Fig. 7, electrode 14 is then 
formed over titanium layer 50 by ion vapor deposition 5 
in a high vacuum. Silver has been found to be a suit- 
able material for electrode 14for several reasons. Sil- 
ver is a good conductor of electricity, and it is also 
more compatible with the sensitive tissue of the eye 
than other metals (such as copper). In addition, silver 10 
is relatively soft and does not impose large stresses 
on underlying titanium layer 50 during deposition. A 
mask 52 shields portions of electrode 12 that are not 
to be covered by electrode 14 from the silver ions 54 
emitted by a vapor deposition source 56. Mask 52 is 
also covers the portions of electrode 12 disposed be- 
low electrode edges 28 (with respect to horizontal 
axis 30). 

As will be appreciated from Fig. 7, silver ions 54 
are deposited symmetrically with respect to vertical 20 
axis 26 so that the thickness of electrode 14 is great- 
est near axis 26 and tapers smoothly toward edges 
28. Electrode 14 can be laid down to any suitable 
thickness such as between three microns and five mi- 
crons, but electrode 14 should be sufficiently thick to 25 
conduct the level of current used during the operation 
of the instrument (which is typically 30 milliamperes). 
A thickness of 5 microns (Le., 0.0002 inches) at vert- 
ical axis 26 has been found to work well under these 
conditions. The thickness decreases somewhat line- 30 
arly as electrode 14 extends circumferentially toward 
edges 28. Silver ions 54 may also be deposited on 
beveled surfaces 25, 27. Because some insulation 1 5 
is formed on the inner surfaces of electrode 12, no 
cauterization occurs edges 27c (Fig. 2) of beveled 35 
surfaces 27. 

Next, a clear plastic layer 58 (Fig. 1) is optionally 
formed over electrodes 12, 14. (Layer 58 is omitted 
from Fig. 3 for clarity.) Layer 58 helps protect electro- 
des 12, 14 from damage during handling and also 40 
serves as an insulating sheath for electrode 14 (and 
thus may be necessary in some surgical applica- 
tions). Layer 58 is relatively thin (e.g., 0.0005 inches) 
and is made from Teflon®, although layer 58 need not 
be as rugged as the material used for insulating layer 45 
1 5. Layer 58 ends slightly distally of the proximal end 
of electrode 14 so that electrical contact can be made 
to electrode 14 at the proximal end. 

Referring again to Fig. 2 and 5, after electrodes 
12, 14 have been formed, the sharp point at tip 21 is so 
honed perpendicularly to tube axis 18 using a hard Ar- 
kansas stone to form flat, relatively wide face 23. Hon- 
ing continues until the desired width (W) of 0.01 in- 
ches (25 mm) of face 23 is obtained. In addition to flat- 
tening tip 21, the honing process also exposes tip 22 55 
of electrode 12 and tip 24 of electrode 14. As a result, 
the width of coagulation of the instrument is deter- 
mined by width W of face 23. Electrode assembly 10 

6 



is now ready to be mounted within the electrosurgical 
instrument 

Referring to Fig. 8, electnosurgical instrument 60 
provides a plastic housing 62 for electrode assembly 
1 0, as well as wiring for applying the bipolar energiz- 
ing potential to electrodes 12, 14. Electrode assembly 
10 rests in a cavity at the distal end 64 of housing 62. 
Distal end 64 is tapered for ease of use. A pair of wires 
66, 68 are soldered to the proximal ends of electrodes 
12, 14. Wires 66, 68 extend through a channel 72 in 
housing 62 and are soldered to a pair of pins 76, 78 
at the proximal end 74 of housing 66. Pins 76, 78 
serve as a plug to receive the bipolar energizing po- 
tential. 

A silicone plastic aspiration tube 80 (i.e., one of 
the devices 40 discussed above in connection with 
Fig. 1) is selectively advanced and retracted within 
electrode assembly 10 through passage 36 by an ac- 
tuator 82 that is mounted to slide with respect to hous- 
ing 62. Specifically, a forward tongue 84 of actuator 
82 slides within an elongated slot 86 in housing 62. A 
section 83 of TFE shrink tubing is disposed around 
the proximal end of electrode 12 and extends slightly 
proximally thereof. Tubing section 83 fits snugly 
around aspiration tube 80 and thus serves as a seal 
to help prevent fluid captured between electrode 12 
and tube 80 from leaking into housing 62. 

A hollow metal pipe 88 is rigidly mounted to ac- 
tuator 82 and is snugly received within the interior 
bore of aspiration tube 80 (which is 0.012 inches in di- 
ameter). Pipe 88 extends almost completely through 
aspiration tube 80 and provides added rigidity to help 
tube 80 slide smoothly within passage 36. Pipe 88 is 
sufficiently long so that it remains within the proximal 
end of passage 36 even when actuator 82 is in the 
fully retracted position shown in Fig. 8. This helps 
avoid binding of aspiration tube 80 when actuator 82 
is advanced. Pipe 88 terminates slightly proximally of 
the distal end of aspiration tube 80 (Fig. 9) to ensure 
that aspiration tube 80 does not become accidentally 
dislodged from electrode 12 and cast loose within the 
eye. 

Pipe 88 extends upwardly through actuator 82 to 
a post 90, where pipe 88 is joined to an external tube 
92 that passes rearwardly through a tunnel 93 on 
housing 62 to drain the aspirated fluid into a reservoir 
94 (Fig. 10). A hood 96 secured to tube 92 fits snugly 
over post 90 and includes an aperture 98 that serves 
as a valve to allow the surgeon to regulate aspiration 
by selectively covering and uncovering aperture 98 
with the finger. An enlarged bump 100 that can be felt 
through a surgical glove is positioned slightly behind 
aperture 98 to assist the surgeon in locating aperture 
98 by feel. The surgeon can shut off aspiration by de- 
pressing bump 100 slightly; depressing bump 100 still 
further causes reflux to be applied through pipe 88 
from a fluid reservoir (not shown) in housing 62. (Al- 
ternatively, a plug, not shown, may be inserted in 
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aperture 98 if the surgeon prefers not to use his or her 
finger.) 

Referring also to Fig. 9, the surgeon advances as- 
piration tube 80 through passage 36 simply by sliding 
actuator 82 (e.g., using the index finger of the hand) s 
toward distal end 64 of housing 62 in slot 86. A shoul- 
der 102 on housing 62 limits the forward travel of ac- 
tuator 82. With actuator 82 positioned as shown in 
Fig. 9, the distal end of aspiration tube 80 extends be- 
yond tip 21 of electrode assembly 10. This allows the 10 
surgeon to maintain electrode assembly 10 spaced 
away from the area of the eye being aspirated by tube 
80, if desired. The surgeon retracts tube 80 from the 
surgical site into passage 36 by sliding actuator 82 
rearwardly. A shoulder 1 04 on housing 62 (Fig. 8) lim- 15 
its the travel of actuator 82 to avoid withdrawing tube 
80 from the proximal end of electrode 12. 

Referring to Fig. 10, in operation during oph- 
thalmic surgery, electrode assembly 10 Is inserted 
into the eye 110 through a small incision 112 in the 20 
sclera. Ught is applied through a trocar 114 inserted 
through a second incision, and irrigating fluid is intro- 
duced through tube 116 inserted through a third inci- 
sion. 

Because electrode 14 is formed as a layer ad- 25 
hered on electrode 12 - rather than as a separate 
metal tube coaxially disposed around electrode 12 — 
the outer diameter of electrode assembly 1 0 is sub- 
stantially the same as that of electrode 12. For exam- 
ple, with a 20 gauge needle (which has an outer diam- 30 
eter of 0.0355 inches) used for electrode 1 2, the outer 
diameter of electrode assembly 10 (with layers 14, 
15, and 50 having the thicknesses discussed above) 
is only 0.0024 inches. As a result, incision 112 need 
be only si ightty larger than that needed for a 20 gauge 35 
needle, thereby minimizing eye trauma. 

Moreover, disposing electrode 14 over exterior 
surface 1 6 of electrode 1 2 leaves the entire interior di- 
ameter of passage 36 open to receive aspiration tube 
80. This is a distinct improvement over previous bipo- 40 
lar instruments that used a 20 gauge needle as the 
outer electrode and a smaller size needle (e.g., 25 
gauge) within the outer needle as the second elec- 
trode, thereby sacrificing a portion of the diameter of 
the passage through the 20 gauge needle. 45 

Instrument 60 is connected to a low voltage RF 
power source 1 20 via a power cord 122 and a socket 
124 that mates with pins 76, 78 (Fig. 8) on housing 62. 
Low voltage RF source 120 is a Wet-Field® II Coag- 
ulator commercially available from Mentor O & O Inc., so 
of Norwell, Massachusetts. RF source 120 produces 
a relatively low bipolar output voltage (e.g., approxi- 
mately 90 volts RMS under no-load conditions). Alow 
voltage source 120 is preferred to avoid arcing be- 
tween electrode tips 22, 24 which could damage the 55 
eye tissue. 

Instrument 60 is advantageously used to cauter- 
ize bleeding blood vessels during ophthalmic surgery 



in the posterior chamber of the eye. The surgeon ma- 
nipulates instrument 60 to place tip 21 against the 
bleeding vessel, and then performs cauterization by 
activating power source 120 with footswitch 126. The 
RF power level applied to electrodes 12, 14 is adjust- 
ed using, for example, controls (not shown) on the 
front panel of source 120. Current flow is induced 
through the area of the eye adjacent to the vessel be- 
tween closely spaced electrode tips 22, 24, thereby 
cauterizing the vessel and stopping the hemorrhag- 
ing. 

The beveled configuration of distal region 20 and 
the alignment of electrode 14 with tip 21 provides sev- 
eral advantages. For one, this configuration ensures 
that electrodes 12, 14 have closely spaced, exposed 
surfaces only at tips 22, 24 - that is, at distal tip 21 
of the instrument As a result, cauterizing current is 
highly focused within an area defined by width W of 
tip 21 . Moreover, the thickness of the silver is greatest 
at tip 21, thereby helping to ensure that electrode 14 
will support the current levels needed during surgery. 
Put another way, current flow is highly localized with 
respect to the circumference of electrode 12. This al- 
lows the surgeon to precisely control the area in the 
eye to which the cauterizing current is applied by con- 
trolling the position of tip 21 (which, because it pro- 
trudes beyond the remainder of distal region 20, is 
easy to observe). Moreover, because beveled tip 21 
is positioned on the underside of assembly 10 (as 
shown in, for example, Fig. 8) so that beveled edges 
25, 27 face the surgeon through eye 110, tip 21 is left 
unobscured. This enables the surgeon to clearly vis- 
ualize progress of the cauterization. 

Other Embodiments 

Other embodiments are within the scope of the 
following claims. 

For example, electrodes 12, 14 can have many 
other configurations. One alternative is to expose 
electrodes 12, 14 to each other in regions other than 
tip 21. For example, one or more regions of layer 14 
and underlying areas of insulator 15 may be removed 
(e.g., by filing) at any suitable location along axis 18 
to expose electrodes 12, 14 to one another. Cauteri- 
zation would occur in these regions. 

The circumferential extent of electrode 14 can be 
further limited (e.g.. to one-sixth of the circumference 
of electrode 12 or less), depending upon the degree 
of control desired over the size of the area to which 
current is applied. Alternatively, electrode 14 can ex- 
tend around a greater portion of the circumference of 
electrode 12 in distal region 20 (or along other por- 
tions of the length of electrode 12). If electrode 14 is 
disposed completely around electrode 12 in distal re- 
gion 20, the cauterization pattern will be annular. 

Still other configurations of electrode 14 are pos- 
sible. For example, multiple, circumferentially spaced 
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strips may be provided in place of the single strip 
shown in Fig. 1. This would allow cauterization to oc- 
cur at discrete locations around the periphery of elec- 
trode 12. 

Face 23 need not be perpendicular to the sides 
of electrode 12. Instead, a portion (or all) of face 23 
may be beveled, either in the same direction as bev- 
els 25, 27, or in a retrograde manner. Beveling face 
23 will, of course, affect the location of cauterization 
at tip 21. 

Electrode 12 need not have both bevels 25, 27. 
Either may be used alone, or no beveling may be pro- 
vided. If electrode 12 is not beveled and electrode 14 
is formed completely around the circumference of 
electrode 12 at tips 22, 24, current flow would be 
present around the entire perimeter of electrode 12. 
This may be desirable in some applications and is cer- 
tainly contemplated by the invention. 

Electrode assembly 10 may have still other con- 
figurations. For example, electrode 12 need not be a 
20 gauge needle, or a needle of any kind. Electrode 
12 may be solid rather than hollow. 

For example, referring to Figs. 11 and 12, elec- 
trode assembly 170 is a cauterizing knife in which the 
inner electrode Is a solid, stainless steel blade 172 
that is coated over most of its length with metal layer 
174 (which serves as the second electrode). Metal 
layer 174 terminates proximally of the sharp tip 176 
of blade 172. More specifically, the distal end of metal 
layer 174 is coextensive with a diamond-shaped re- 
gion 178 at which blade 172 begins to narrow from a 
relatively large diameter to tip 176 in four beveled sur- 
faces 180. 

During operation, tip 176 is used to cut an inci- 
sion, for example, through the sclera of eye 110 (Fig. 
1 0). As blade 1 72 is advanced slightly further into the 
eye, power source 120 (Fig. 10) is activated, and the 
incision is completely cauterized by current flow be- 
tween layers 172, 174 in wide region 178. Thus, a rel- 
atively large, cauterized incision is quickly njade. 

In all of the embodiments discussed above, the 
insulator that separates the electrodes (e.g., layer 1 5, 
Fig. 3) need only be disposed over the portions of the 
inner electrode (e.g., electrode 12) that are covered 
by the outer electrode (e.g., electrode 14). Likewise, 
if outer insulating layer (e.g., layer 58, Fig. 1) is used, 
it can be disposed only over the outer electrode, if de- 
sired. The titanium primer (e.g., layer 50, Fig. 3) can 
alternatively extend around the entire circumference 
of the inner electrode, even if the outer electrode has 
a limited circumferential extent. 

Mask 52 need not be used during the deposition 
of electrode 14. Instead, electrode 12 may simply be 
laid on a flat surface during deposition of electrically 
conductive layer 14. 

Alternative materials may be used for electrodes 
12, 14. For example, electrode 14 may be made from 
nickel, gold, palladium, platinum, tin, etc. Copper may 



also be used, particularly if outer insulating layer 58 
is employed. Even if layer 58 is not provided, the use 
of copper may not be detrimental, given the short per- 
iods of time that electrode assembly 10 is typically in 

5 place in the eye. If silver is used for electrode 14, an 
additional metal layer (such as gold) may be deposit- 
ed thereon to avoid tarnishing. 

Other suitable insulators may be used. One pos- 
sible substitute is teflon. Insulating layer 58 may be 

10 even more desirable if a relatively hard metal (such as 
nickel) is used for electrode 14 and teflon is used for 
insulating layer 15. 

The bipolar electrosurgical instrument of the in- 
vention can be reusable or disposable. 

15 Still other embodiments are within the scope of 
the claims. 



Claims 

20 

1 . An electrosurgical instrument comprising 

a first electrode and a second electrode 
for receiving electrical power at a proximal end of 
said instrument, 
25 said first electrode including an elongated, 

electrically conductive member having a region 
disposed distally of said proximal end and config- 
ured to be positioned adjacent to an object in the 
body, and 

30 said second electrode including a layer of 

electrically conductive material adhered over at 
least a portion of said elongated member and 
separated therefrom by an insulator, said layer 
having a region positioned adjacent to said region 

35 of said member to support current flow there- 
between and apply said power to said object. 

2. The instrument of claim 1 wherein said insulator 
is disposed on an exterior surface of said mem- 

40 ber, and said layer of conductive material is ad- 

hered to said insulator and extends axially along 
said member between said proximal end and said 
distally disposed region of said member. 

45 3. The instrument of claim 2 wherein said layer of 
conductive material is disposed over a limited 
portion of a perimeter of said exterior surface at 
least in said distally disposed region. 

so 4. The instrument of claim 3 wherein said layer of 
conductive material extends over a limited por- 
tion of a perimeter of said exterior surface along 
a length of said layer between said proximal end 
and said distally disposed region. 

55 

5. The instrument of claim 2 wherein said layer of 
conductive material is disposed completely 
around a peri meter of said exterior surface in said 
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distaily disposed region. 

6. The instrument of claim 1 wherein said member 
comprises a tube, said insulator is disposed on an 
exterior surface of said tube, and said layer is 
configured as an elongated strip of said electri- 
cally conductive material adhered to said insula- 
tor and extending between said proximal end and 
a distal end of said tube. 

7. The instrument of claim 6 wherein said strip is 
disposed over between 1/3 and 1/2 of a circum- 
ference of said tube at least at said distal end. 

8. The instrument of claim 1 wherein said member 
has a distal tip at said distal end, said layer having 
a distal end disposed proximally of said distal tip. 

9. The instrument of claim 8 wherein said distal tip 
is configured to cut tissue, said electrodes induc- 
ing said current flow between said distal end of 
said layer and said member to cauterize tissue 
cut by said tip. 

10. The instrument of claim 9 wherein said distal re- 
gion decreases in size as it extends from said dis- 
tal end of said layer to said tip. 

11. The instrument of claim 1 wherein said member 
has a distal tip in said distaily disposed region, 
said distal tip having a limited circumferential ex- 
tent with respect to other portions of said distaily 
disposed region, said region of said layer of elec- 
trically conductive material being circumferential- 
ly aligned with said tip. 

12. The instrument of claim 11 wherein said region of 
said layer of electrically conductive material has 
a circumferential extent that equals the circumfer- 
ential extent of said tip. 

13. The instrument of claim 11 wherein said distaily 
disposed region of said member is beveled to pro- 
vide said tip. 

14. The instrument of claim 11 wherein said tip in- 
cludes a surface disposed transversely to a long- 
itudinal axis of said instrument. 

15. The instrument of claim 1 wherein said member 
includes an opening disposed therethrough for 
slidably receiving a device during use of said in- 
strument, said member and said opening being 
sized to allow said device to be advanced at least 
to said distaily disposed region. 

16. The instrument of claim 15 wherein said device 
includes an aspiration tube adapted to be ad- 



vanced distaily of said distaily disposed region to 
remove fluid from a surgical site and thereafter 
retracted from said distaily disposed region. 

5 17. The instrument of claim 1 6 wherein said member 
comprises a 20 gauge needle. 

18. The instrument of claim 15 wherein said device 
includes a fibre optic cable slidably disposed 

10 within said member to transmit light from a 
source to a surgical site. 

19. The instrument of claim 1 wherein said insulator 
includes a layer of plastic. 

15 

20. The instrument of claim 2 further comprising a 
layer of insulation disposed over at least said lay- 
er of electrically conductive material. 

21. An electrosurgical instrument comprising 
a plurality of coaxially disposed, elongated 

electrodes separated by an insulator, each of said 
electrodes having a distal region configured to be 
positioned adjacent to an object in the body and 
a proximal region for receiving electrical power, 
said electrodes applying said power to said object 
by inducing current flow between said distal re- 
gions of said electrodes, and 

said distal region of a first one of said elec- 
trodes having a reduced circumferential extent 
relative to said second one of said electrodes to 
limit an area of said current flow. 

22. The instrument of claim 21 wherein said second 
electrode comprises a metal tube, said distal re- 
gion of said first electrode being disposed over a 
limited portion of a circumference of said tube 
and separated from said tube by said insulator. 

40 23. The instrument of claim 22 wherein said distal re- 
gion of said first electrode extends over less than 
one half of said circumference. 

24. The instrument of claim 22 wherein said second 
45 electrode is configured as an elongated strip of 

electrically conductive material disposed over an 
exterior surface of said tube between said prox- 
imal region and said distal region of said second 
electrode. 

50 

25. The instrument of claim 24 wherein said strip in- 
cludes a layer of electrically conductive material 
adhered to said tube. 

55 26. The instrument of claim 22 wherein said distal re- 
gion of said tube includes a distal tip that has a 
limited circumferential extent with respect to 
other portions of said distal region, said second 
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electrode being circumferentially aligned with 
said tip. 

27. The instrument of claim 26 wherein said distal re- 
gion of said tube is beveled to provide said tip. 

28. The instrument of claim 22 wherein said tube is 
a 20 gauge needle. 

29. An electrosurgical instrument comprising 

a first electrode that includes an elongat- 
ed, electrically conductive member having an end 
in a distal region of said instrument that is config- 
ured to be positioned adjacent to an object in the 
body, said end having a selected maximum outer 
dimension, and 

a second electrode adhered on a least a 
portion of an exterior surface of said member in 
said distal region and spaced therefrom by an in- 
sulator, said second electrode being configured 
so that an outer dimension of said distal region is 
substantially the same as said selected maxi- 
mum outer dimension of said end. 

30. The instrument of claim 29 wherein said selected 
maximum outer dimension of said end of said 
member is on the order of 20 gauge and said sec- 
ond electrode includes a layer of conductive ma- 
terial having a thickness on the order of between 
3 microns and 5 microns. 

31. The instrument of claim 29 wherein said member 
is a 20 gauge needle. 

32. The instrument of claim 29 wherein said end in- 
cludes a distal tip configured to cut tissue, said 
second electrode having a distal end disposed 
proximally of said distal tip, said current flow be- 
ing induced between said distal end of said sec- 
ond electrode and said member to cauterize tis- 
sue cut by said tip. 

33. The instrument of claim 29 wherein said member 
includes an opening disposed therethrough for 
slidably receiving a device during use of said in- 
strument, said member and said opening being 
sized to allow said device to be advanced at least 
to said distal region. 

34 The instrument of claim 33 wherein said device 
includes a fibre optic cable slidably disposed 
within said member to transmit light from a 
source to a surgical site. 

35. The instrument of claim 33 wherein said device 
includes an aspiration tube, said opening having 
a size sufficient to allow said aspiration tube to be 
advanced distally of said end to aspirate fluid 



from a surgical site. 

36. A process for fabricating an electrosurgical in- 
strument comprising 

5 providing a first electrode that includes an 

elongated, electrically conductive member, 

disposing an insulating material over at 
least a portion of a surface of said member, 

forming a layer of electrically conductive 
10 material over said insulating material to provide a 
second electrode. 

37. The process of claim 36 further comprising dis- 
posing said insulating material and said layer of 

15 electrically conductive material over a limited 
portion of a perimeter of an exterior surface of 
said member at least in a distal region thereof. 

38. The process of claim 37 further comprising dis- 
20 posing said layer of electrically conductive mate- 
rial over between 1/3 and 1/2 of said perimeter of 
said member. 

39. The process of claim 36 wherein further compris- 
es ing disposing said insulating material and said 

layer of electrically conductive material com- 
pletely around a perimeter of an exterior surface 
of said member at least in a distal region thereof. 

30 40. The process of claim 36 wherein said forming in- 
cludes depositing said layer of electrically con- 
ductive material by vapor deposition. 

41. The process of claim 40 further comprising dis- 
35 posing a sub-layer of electrically conductive ma- 
terial over said insulating material before depos- 
iting said layer. 

42. The process of claim 41 wherein said insulating 
40 material comprises a polymer, said sub-layer 

comprises titanium, and said layer of electrically 
conductive material comprises silver. 

43. The process of claim 36 wherein said insulating 
45 material comprises a conformal insulating layer. 

44. The process of claim 36 wherein said insulating 
layer comprises paryiene. 

so 45. The process of claim 36 wherein said forming in- 
cludes depositing said layer of electrically con- 
ductive material to a thickness of between 3 mi- 
crons and 5 microns. 

55 46. The process of claim 36 wherein said electrically 
conductive material comprises either silver, nick- 
el, gold, palladium, platinum or tin. 



10 



19 EP 0 651 974 A2 20 

47. The process of claim 36 further comprising de- 
positing a second layer of electrically conductive 
material over said layer of electrically conductive 
material. 

5 

48. the instrument of claim 1 wherein said member 
includes an opening therein, and further compris- 
ing a surgical device disposed in said opening so 
that a distal end of said surgical device is dis- 
posed in said distaliy disposed region. 10 

49. The instrument of claim 48 wherein said surgical 
device is an aspiration tube or a fibre optic cable. 

50. The instrument of claim 49 wherein said member 15 
and said opening are sized for selective move- 
ment of said surgical device within said member 

so that said distal end of said surgical device can 
be selectively advanced and retracted with re- 
spect to said distaliy disposed region. 20 

51. The Instrument of claim 29 wherein said member 
includes an opening therein, and further compris- 
ing a surgical device disposed in said opening so 

that a distal end of said surgical device is dis- 25 
posed in said distaliy disposed region. 

52. The instrument of claim 51 wherein said surgical 
device is an aspiration tube or a fibre optic cable. 

30 

53. The instrument of claim 51 wherein said member 
and said opening are sized for selective move- 
ment of said surgical device within said member 
so that said distal end of said surgical device can 

be selectively advanced and retracted with re- 35 
spect to said distaliy disposed region. 
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